Researchers studying innovation increasingly use indicators based on patent citations. However, it is well known that not all citations originate from applicantspatent examiners contribute to citations listed in issued patents-and that this could complicate interpretation of findings in this literature. In 2001 the US Patent and Trademark Office (USPTO) began reporting examiner and applicant citations separately.
Introduction and Background
The empirical literature on technology and innovation increasingly relies on measures based on patent citations. One prominent line of research originated with the recognition that simple patent counts are noisy measures of innovative output, since there is high variance in the economic and commercial significance of individual patents. This literature thus uses the number of times a patent is cited in subsequent citations (or "forward" citation counts) as a measure of its importance or quality (Trajtenberg 1990) . "One of the problems with many of these papers is that the economists who write about patent citation analysis have little experience with patent searching, and don't realize how worthless most patent citations are for measuring anything. For example, many of them assume that the citations that appear on the front of the patent were all used and discovered by the inventor. They then use that assumption to measure flows of information between companies and inventors ... What they don't realize is that many citations are found either by the examiner or by professional searchers ... so that such citations do not measure anything about information flow or patent importance. And without detailed analysis of many file wrappers, no one knows what percentage of citations are due to inventors, and those due to others" (posting to PIUG-L listserv, April 29, 2001 ).
Historically, this has been true. However, following a January 2001 change in procedure at the USPTO, the front pages of issued U.S. patents have indicated with asterisks all prior art references cited by an examiner during patent prosecution, thus distinguishing them from references taken from applicant Information Disclosure Statements. The USPTO instituted this change in hopes that indications of the sources of citations would "be helpful in compiling statistical data related to prior art submissions so that the USPTO can better consider whether changes are required to the rules governing prior art statements." In part, the change was responsive to concerns that foreign applicants are particularly lax in submitting prior art (personal communication, Karin Tyson, USPTO).
Overall, examiners account for approximately 40 percent of all citations to U.S.
patents. The magnitude of examiner citations is even higher when measured on a per patent basis: for the average patent in our dataset, examiners introduced 63 percent of all patent citations to US patents. The difference in means at the citation and patent levels reflects the skewed distribution of examiner citations across patents: about 40 per cent of patents granted over the period have all citations inserted by examiners, i.e., applicants did not add a single citation, whereas only 8 per cent of patents had no examiner-inserted citations.
Though the overall numbers seem to support Aharonian's criticism, ultimately, the extent to which examiner citations affect inferences from citation-based measures depend on the specific application in which the citation data are used. Several recent papers have started exploring this issue in detail. For example, Alcacer and Gittelman (2006) assess whether pooling inventor and examiner citations gives unbiased estimates of knowledge flows and Sampat and Hegde (2007) assess whether examiner or applicant forward citations provide different signals of the private value of patents, as measured by applicant payment of maintenance fees.
In this paper, we describe the institutional process by which citations are generated and explore three dimensions which could plausibly affect the share of examiner versus applicant citations in a patent: the technological field of the invention, patent examiner characteristics, and applicant characteristics. Our analysis is primarily exploratory rather than causal. Our aim is to provide a set of broad stylized facts about examiner citations with the goal that these data, together with our broader descriptions of the processes through which patent citations arise, help inform the interpretation of analyses using citation based indicators in specific contexts, and stimulate future research using patents. We find that firm-level effects explain most of the variation of examiner citation shares, followed by technological field effects and examiner-specific effects. Unpacking these firm-level effects we find surprisingly, that applicants with very high numbers of patents, whom we call the most experienced applicants, receive higher shares of examiner citations than less-experienced applicants. Additionally, non-US applicants receive far higher shares than US applicants, reflecting differences in international patenting practice. Regarding technology areas, we find strong field-specific effects that correspond to a pattern in which examiner shares are lowest in technological fields in which individual patents are more economically valuable.
Our analysis suggests the need for caution in assuming that the portion of citations that aren't knowledge flows are simply "noise" (Jaffe et al., 2000) . The sheer magnitude of examiner citations (with examiners adding most or, in a large proportion of cases, all citations), means that the noise may far exceeds the signal contained in pooled citations.
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More importantly, the data suggest that examiner citations are not randomly distributed: variation in the share and number of examiner citations is driven by specific characteristics of patents, applicants, and examiners. While beyond the scope of this paper, assessing exactly when and to what extent examiner citations complicate conventional interpretation of citation based data is an important task for future research.
The remainder of the paper is organized as follows. In the next section (Section 2), we briefly describe the processes involved in generating patent citations, and then discuss how various field-, assignee-and examiner-related characteristics may affect the shares of applicant and examiner citations (Section 3). In Section 4 we describe our data and measures. We present the data on patent-level characteristics associated with higher and lower examiner shares, first as descriptive statistics (Section 4) and then as coefficients from multivariate regression analyses (Section 5). In Section 6 we introduce a decomposition of variance analysis to identify the relative contributions of the different types of variables to explaining variation in examiner shares at the patent level. In
Section 7 we present and analyze data on firms with disproportionately high and low shares of examiner added citations. We then proceed to analyze the incidence of examiner share in self-citations in Section 8. Section 9 presents our conclusions.
Where do patent citations come from?
The U.S. patent statute requires an invention to be novel and non-obvious, as well as to satisfy other technical criteria, in order to be patentable. Like the patent system itself, the novelty and non-obviousness requirements were designed with a utilitarian purpose in mind, to ensure that society only incurs the social costs of patents for inventions that are significant departures from what is already in the public domain (Barton 2001) . The core of a patent is expressed in its claims, which detail aspects of the invention over which inventors and assignees may exercise exclusive ownership rights.
In order to assess whether the claims in an application are novel and non-obvious, a patent examiner compares a claimed invention to the prior art, generally embodied in previous patents and publications. If the patent examiner deems that an invention is patentable in light of these requirements, a patent is granted. Since 1947, the Patent Office has listed the prior art references against which the patentability of an invention was judged on the front-page of issued patents.
1
In this process, prior art citations serve a number of heterogeneous functions: by anticipating the claimed invention, they may be used to limit or reject an individual claim or an entire patent. Or citations may strengthen claims, by establishing that earlier related inventions were different from or inferior to the current invention. They may be boilerplate − establishing or "teaching" facts described in the patent, with little direct relationship to the patented invention.
Though examiners are officially responsible for constructing the list of prior art references against which patentability is judged, they rely in part on applicant disclosure of the prior art submitted with the patent application via Information Disclosure Statements (IDS). In the United States, applicants (and their attorneys) have a "duty of candor" to disclose any prior art "material to patentability" of an invention, i.e. any prior patent or publication for which there is "a substantial likelihood that a reasonable 1 Printing of prior art references on the actual patent followed from a Patent Office Order issued on December 19, 1946. The first patent to include prior art references was issued on February 4, 1947, and all patents since that date include a "references" section. This is not to say that claimed inventions were not evaluated against the prior art before this date: prior art searching became common practice with the passage of the Patent Act of 1836. Prior to 1947, however, the prior art against which the claimed invention was evaluated was available only from the "file history" of the issued patent, stored at the Patent Office. 6 examiner would consider it important in deciding whether to allow the application to issue as a patent" (USPTO 1998 , Section 2242 . If an applicant knowingly fails to disclose material prior art, an accused infringer can raise an "inequitable conduct" defense in court, and if the court agrees the patent will be rendered unenforceable. Even absent inequitable conduct, some or all of the claims of a patent can be rendered invalid in post-issuance lawsuits or re-examination, if it is subsequently shown that prior art material to patentability was not considered by the patent examiner (Allison and Lemley 1998 ).
Incentives to disclose prior art are complex. The following quote, by a patent attorney and former inventor, is illustrative of pressures on inventors and their attorneys for full disclosure:
The first [time] , as an inventor, I was introduced to prior art as an engineer at IBM. There, we were told to disclose and discuss all pertinent publications before they were filed. And failure, we were told by the attorneys, was punished by fraud, imprisonment, and would result in the disbarment of the attorney that was representing us. Basically, the attorneys said that we would have the time in jail to basically explain to them why they could no longer practice law, and so forth, if we didn't give them the right references. Maybe this was unique to IBM, but it's something that I've carried throughout my career in talking with inventors, and so forth, as far as how important I think the duty of disclosure is.
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While applicants have strong incentives to disclose known prior art, they are not legally required to search for it, and face both incentives and disincentives to doing so.
On one hand, prior art searching by applicants can ensure that resulting patents are enforceable (Allison et al., 2003) On the other hand, applicants may receive broader patents if the examiner fails to uncover prior art material to patentability. These patents enjoy a strong presumption of validity (Sampat 2007) . Thus Wagner and Parchomovsky (2005, p. 53) suggest that "[t]he patentee has both the motive and intent to behave strategically … [i]t might involve declining to conduct a thorough prior art search, thus transferring the cost to the public, as well as increasing the possibility that the PTO will miss something and thus allow unwarranted scope".
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After applicants disclose their references, patent examiners conduct their own prior art searches. They may challenge applicants' claims based on their own prior art searches, and communicate with inventors during the examination process (see Cockburn, et al 2003, for an excellent discussion of this process). There have been considerable attempts at codification and standardization of patent examination procedures, but the search process remains largely idiosyncratic. The universe of potentially relevant prior art includes patents (over 5 million in the US alone), nonpatented literature such as books and journals, and even information disclosed on the Internet. However, in a world of limited resources, the finite corps of patent examiners 3 Ibid. 4 In addition, since patent law imposes treble damages on applicants who willfully infringe on earlier patents (as opposed to those who unknowingly infringe), firms may have incentives to not know about competitors' patents, which also may blunt incentives for prior art searching (Lemley and Tangri 2003) . 8 faces strict time allocation guidelines per application (Thomas, 2001; Cockburn et al. 2003) . There is widespread concern that examiner time constraints have tightened in recent years, when growth in patent applications has outpaced growth in the number of examiners (Merrill and Myers, 2004) , limiting the breadth and depth of examiner searches. As a result, concerns have been raised that the number of "low quality" patents issued by the USPTO, i.e. patents that would not satisfy the novelty and non-obviousness requirements if subjected to more intensive or complete examination, has increased in recent years (Jaffe and Lerner 2006) .
The applicants' duty of disclosure continues even after the application has been submitted. Here again there is no obligation for applicants to search for prior art, but applicants are required to disclose prior art they discover (e.g. in preparing applications for related inventions). Applicants may also file new prior art to support a claim that has been rejected by the examiner. It is from this complex process that patent-to-patent citation data used in analyses by social scientists emerge. Both examiner and applicant side capabilities and incentives could affect this process, and the relative shares of applicant and examiner citations could 5 As prosecution times increased in the late 1990s and early 2000s, introduction of multiple information disclosure statements became more common In fact, starting in January 2008 new regulation was enacted to limit the number of new references introduced during prosecution. 9 reflect these differences. While almost all previous analyses have bundled citations originating from the applicant's disclosure with those resulting from examiner's search, the policy change discussed in the Introduction means that we can now distinguish between the two.
Determinants of examiner and applicant citation shares.
To identify the determinants of examiner and applicant citations shares we explore the incentives and capabilities of applicants and examiners to provide prior art.
Applicant's incentives to conduct prior art searches are likely to vary by technological field. Sampat (2007) argues that, in fields where valid patents are deemed important as mechanisms for appropriating returns to R&D or to facilitate market trades in technology, applicants will expend more effort in searching for prior art. Survey research (Cohen, et al. 2000) on the value of patents across fields indicates that patents are highly valued as mechanisms for appropriating returns to R&D in only a few fields -principally chemicals and pharmaceuticals. In such fields, referred to as "discrete technologies", one or a few patents are generally sufficient to create strong monopoly rents, and we expect that on average applicants will seek to file strong individual patents, e.g., patents that would be held valid if opposed.
In other fields, such as electronics and telecommunications equipment, intellectual property is more fragmented and distributed among numerous applicants, such that products may be covered by hundreds of patents, none of which has great value on its own. Cohen, et al. (2000) find that in these fields, referred to as "complex technologies", applicants are more likely to value patents as strategic bargaining chips in negotiations with rivals, rather than as mechanisms for protecting rents in product markets. Value accrues to bundles of patents rather than possession of a single patent, and the use of patents changes from protecting monopoly rents to strategic uses, e.g., hold-up or cross-licensing negotiations (Cohen et al., 2000 , Hall & Ziedonis, 2001 , Ziedonis, 2004 . In such cases, we expect that applicants will exert less effort in prior art search, because of a lower expectation of the need to defend individual patents against rival technologies. That is, firms' decisions to search for prior art -and the resulting "quality" of issued patents -are likely to reflect field-specific factors related to the value and use of patents in those fields.
Incentives may also differ according to the type of applicant. Since the passage of the Bayh-Dole act in 1980, universities have become active patenting organizations (Mowery et al. 2001) . These entities typically license their patents to firms, rather than commercialize them directly. Moreover, since under Federal law universities, rather than individual professors, take title to patents, they typically employ patent and licensing professionals to screen inventions and draft patents. Technology transfer offices may only choose to patent those inventions with a high probability of earning revenue through licensing. If strong patents are important for licensing, we would expect that patents assigned to such entities would have relatively high applicant share of references.
Firm experience and firm size may affect the examiner citation shares. Popp et al. (2003) suggest that an entity's patenting experience may affect its patenting practices.
Larger firms and/or firms that file numerous patents are likely to have the resources to engage lawyers and professional patent searchers, conduct prior art searches and/or know the relevant prior art (Mossinghoff, in USPTO 1999) . Greater resources and patenting capabilities would lead to the expectation that larger and/or more experienced firms would have a greater share of prior art. On the other hand, incentives may work against this expectation. Small firms may be more likely to seek to out-license patents than commercialize them in-house (Arora et al. 2001 ) in which case they may have stronger incentives than large firms to invest ex ante in patent quality and search for prior art.
Furthermore, firms that patent heavily may economize on resources by adopting a "scattershot" approach, sending a large volume of patents for examination without extensive investment in pre-screening for patentability.
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Differences in country-specific patent practices can also affect applicants awareness and ability to search for prior art. In most foreign countries, applicants face no "duty of candor" similar to that in the U.S.. Thus foreign applicants may be less inclined to invest in thorough prior art searches. Michel and Bettels (2001) argue that for this and other institutional reasons, prior art searches in Europe are more selective than in the US. They argue that the duty of candor in the US leads applicants to submit any citation that may be relevant. Since examiners may not cull all of these applicant citations, US patents may contain many applicant citations that have little relevance to patentability.
Many applicants employ lawyers and professional prior art searchers, to draft patents and conduct prior art searches, and this could affect the share of examiner citations. Familiarity with patenting examination practices -many patent lawyers were formerly examiners -could lead to anticipation of examiners' actions, and thus reduce the examiner share of citations in a patent.
Previous research by Cockburn et al. (2003) and Lichtman (2004) suggests that examiner heterogeneity affects the prosecution and characteristics of a patent.
Heterogeneity across examiners in their search capabilities can also contribute to 6 In an analysis of Danish patents, Schneider (2007) finds that firms with large patent portfolios adopt a "trial and error" strategy, filing many applications and subsequently withdrawing those that receive signals from the patent office that they have a low probability of success. differences in the examiner share of citations. With regard to examiner heterogeneity, the most relevant observable dimension is examiner experience. Several commentators have pointed to the difficulty the Patent Office faces in recruiting and retaining examiners (Popp et al. 2003; Thomas 2001) . More generally, a high rate of examiner attrition (Bawa 2004 ) may limit any benefits realized from "learning by doing" in prior art searching.
Thus Jennings (in USPTO, 1999, p. 34) suggests that "turnover of patent examiners" may diminish the quality of prior art searching at the USPTO, since "they leave before they gain real experience and knowledge of the pertinent art."
In the next section we present the data on examiner shares and show how they vary according to the dimensions described above. We then show that the patterns identified in the univariate analysis still hold when we control for all the variables in multivariate regressions that estimate the share and number of examiner citations on a citing patent.
Data and Variables
To illuminate the relative importance of these dimensions, we use a novel dataset that includes all 502,390 utility patents issued between January 1, 2001 and December 31, 2003. Our dataset is based on weekly electronic files provided by the USPTO that contain the information on the front page of utility patents as well as references to other utility patents granted in the US.
In the data, citations based on applicant Information Disclosure Statements are treated as applicant citations. (Note that this is true whether or not the citation was disclosed by the applicant in the original application, or during the patent prosecution process.) Citations from examiner searches are treated as examiner citations. One complication is that for PCT applications filed first outside the U.S (less than 10 percent of the 502,390 patents in our sample result from PCT applications) references from the foreign search report are coded as applicant citations, even though they may have resulted from searches from foreign patent offices. As a consequence, the share of examiner citations for PCT patents may be underestimated. We discuss this in greater detail (and attempt to control for it) in the analyses below.
For each citing patent, we calculate the share of examiner citations as a percentage of total patent citations. We then show how these shares vary by different dimensions of interest discussed above. Our measures capture patent-level, assigneelevel, and examiner-level variables that we expect will impact the share of examinerinserted citations.
To assess the importance of differences across technology fields, we measure technology class of a patent using 3-digit classifications at the USPTO. However, for expositional convenience, we present results using broader technology classes, as defined by the concordance between patent classes and industries provided by Jaffe & Trajtenberg (2002 We create a range of variables to examine differences across types of assignees discussed above. First, we create a dummy variable Small Entity indicating whether the patent was assigned to a small entity. We base our coding on data from the USPTO that indicates whether an applicant qualified for reduced fees based on "small entity" status, 14 as determined by the USPTO.
7 Analogously, the Large Entity dummy indicates patents assigned to firms which are not small entities.
We also created indicators for university and U.S. government assignees. The government assignee information is based on "assignee type" data from USPTO's Cassis database, and the university assignee data is based on institutions denoted as universities in Mowery et al. (2001) . Government patents, which typically are a small share of total patents, are expected to be concentrated in fields as biomedical research (e.g., patents assigned to the National Institutes of Health) and defense technologies. A catch-all category, Other Assignee, includes patents by individual inventors and those which are unassigned at issue.
In addition to small entity status, we include a variable to measure an assignee's experience with patenting. We define three categories of assignee experience based on patent volume from 1976 to 2000: most experienced assignees (more than 1000 patents), experienced assignees (more than 100 patents and less than 1000 patents) and least experienced assignees (less than 100 patents) 8 . These data were constructed from historical patent information found in the USPTO's Cassis.
As discussed above, the nationality of patent applicants also may affect citation practices and examiner citations shares. To assess these differences, we created dummies for U.S. and Foreign assignees, and also separate dummies for the following assignee countries: Japan, Germany, Taiwan, France, United Kingdom, South Korea, Canada, 7 For more details in the definition of small entities, see http://www.uspto.gov/web/offices/pac/mpep/documents/appxr_1_27.htm 8 A classification based on quartiles is desirable but not appropriate because the distribution of patent stocks is highly skewed (skewness index of 219.83, kurtosis index of 49,970). Most assignees have very low patent volume with a median equal to 2 patents, and the 75 percent quartile level equal to 7 patents.
Italy, Sweden, and Switzerland..We also include a variable, Lawyers, to indicate whether legal assistance was provided when drafting the patent application. Both the nationality and legal assistance data were constructed using data from the front page of the patents.
Heterogeneity in examiner experience may contribute to cross-invention differences in the examiner share of citations. As pointed out by Cockburn et al. (2003) Table 1 shows the data on examiner added shares of citations, overall and disaggregated across the dimensions described above. Column 1 shows the percentage of patents without any citations by applicants or examiners; overall, this is a very low share (2%) although it ranges to as high as 10% for academic patents and patents in the Drug and Medical fields. Column 2 shows mean examiner shares for all citations; column 3 is an average of the examiner share on each patent. Overall, 41 percent of all citations on U.S. patents come from examiners (column 2), and the average examiner share at the patent level is 63 percent (column 3). The discrepancy between the means reflects the fact that 8 percent of patents, examiners insert no citations (applicants account for all citations), while in 39 percent of patents, examiners insert all citations (applicants contribute no citations). Thus the distribution of examiner citations is highly skewed, with the largest share of patents (39%) having all citations added by the examiner.
The technological field panel reveals a striking degree of field-specific variation.
Patents in mechanical and computer/electronics fields have high shares of examineradded citations, while the lowest proportions are found in chemicals and pharmaceuticals.
Examiners account for all citations in 45 percent the patents in the computers/communications and electrical/electronic fields, and only in one quarter of drug and medical patents. The observed shares are plausibly linked to differential commitments to patent quality across fields: technologies in which individual patents are more valuable (drugs and chemicals) have higher shares of applicant prior art than in complex technologies where intellectual property rights are typically more fragmented.
Turning next to differences across types of assignees, the data show that at both the dyad and patent levels, academic institutions, and small entities have lower examiner shares than other types of assignees. This could reflect the greater reliance of these organizations on "markets for technology" to the extent that stronger patents-those more likely to survive validity challenges-are more readily out-licensed. But these patterns also could reflect other differences between university and government patents.
For example, academic patents are disproportionately in the biomedical arena (Mowery et al. 2001) , where examiner shares of citations are lowest. Accordingly, we re-examine these differences in multiple regressions that control for field effects.
Non-US assignees submit far fewer applicant citations than US assignees, which corresponds to our discussion of institutional practices in countries outside the US: 63 percent of citations in patents assigned to foreign assignees are added by US examiners (74 percent on the average patent), while the analogous share for US assignees is 34 percent and 55 percent, respectively. Since foreign patents made up a significant share of total granted US patents (43 percent) they have a large influence on the weight of examiner-inserted patents in total patents. Decomposition of foreign applicants by nationality shows that the examiner share of citations is highest in East Asian countries, namely Taiwan (where examiners account for 87 percent of citations, 92 percent on the average patent) South Korea (71 percent/80percent), and Japan (69 percent/78 percent). Among European countries, Germany has the highest share of examiner citations. Since many of these foreign firms patent heavily in the electrical and electronic fields, these trends may reflect field specific differences. Accordingly, we employ multivariate regression analyses to determine the effect of nationality on examiner shares.
The next panel shows that firms that are granted a high number of patents are adding the fewest applicant citations. At the both at dyad and patent levels, the examiner share of citations is higher for the most experienced assignees: the average patent for this group has 68% of citations added by examiners, against 59% and 61% for the second and third cohort. These differences are also present in the distribution of examiner shares across patents (columns 4-7); the most experienced assignees have the highest shares of patents (43%) with all examiner citations. Again, these numbers may be driven by country and field effects: if many of the most experienced applicants are non-US and/or in computer/electronics fields, that could explain their high examiner citation shares.
Again, we control for these factors in the regression analysis.
Examiner experience similarly shows that the most experienced examiners having the highest shares of examiner-added citations, followed by the least experienced examiners, although the difference between the cohorts is not as pronounced as it is for applicants, and indeed the breakdowns on the distribution of citations across patents shown in columns 4 through 7 do not show strong differences across examiner experience cohorts.
Only 7 percent of patents do not list attorneys on the front page, attesting to the importance of legal professionals in preparing patent applications. As expected, patents that do not list lawyers have higher examiner shares at both the dyad and patent levels, and have more patents without any applicant citations. This likely reflects the role of attorneys in performing prior art searches, which appear as applicant citations. The use of attorneys may also have a positive correlation with other professionals, such as patent searchers, in preparing applications.
However, we cannot estimate the impact of professional searchers as they are not listed on patents.
Regression Model and Results
We now turn to our regression models that allow us to estimate the marginal impact each of the variables in Table 1 on the share and count of citations added by patent examiners. We estimate the following specification using data at the patent level:
where Y i is either the percentage or count of examiner-imposed citations, X i is a vector of characteristics of the patent described in section 3, and ε i is an iid error term.
When the dependent variable is a percentage, we estimate equation (1) using Ordinary Least Squares (OLS) and two-sided Tobit, since percentage values are bounded between 0 and 1.When the dependent variable are counts of citations, we estimate equation (1) using a negative binomial, and add a variable citations that is a count of applicant citations on a patent. Since patents granted to a given assignee may not be independent observations, in all models we specify that observations are independent across but not necessarily within assignees, and adjust the estimated standard errors accordingly, using robust standard errors clustered by assignees on the cited patents 9 .
The unit of analysis in each of these regressions is any patent that contains at least one prior art citation; accordingly, we drop 11,278 patents with no citations, leaving us with 491,112 in our sample, which cite 6,235,655 patents. Table 2 provides summary statistics for each of the variables in our models. Table 3 shows results from regressing the variables above on the percent (Columns 1 and 2) and number (Column 3) of examiner citations on a given patent.10
The goal of the regression analysis is to observe whether the patterns in Table 1 are still present when we control for other variables that might affect the univariate shares.
Overall the regressions provide support for the key findings in the univariate descriptive statistics, and allow us to confirm that the characteristics shown in Table 1 are associated with high shares of examiner citations. Rather than discuss in detail results that corroborate those already shown in Table 1 , we limit our discussion to highlight the most notable results in the models. We also estimated GLM models (a la Papke and Wooldridge 1996) that explicitly recognize that the dependent variable, examiner share of citations, is a proportion . We also estimate logit models. Since the tails of the distribution are relatively thick (eg, patents with all or no citations added by examiners, which are 8 and 39% of patents, respectively) we check that our results are not being driven by these patents. We relate the suite of variables to the probability that all or none of the citations come from examiners. We also estimate models where we remove patents that fall into these two categories. Results are qualitatively similar to those reported here, and are available from the authors on request.
10
Regressions show field effects at the level of broad technology categories. Models that use more detailed 3-digit patent classes show similar results and are available on request.
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The field effects remain after controlling for nationality, assignee size, and other factors: examiner-added citations are significantly lower in the drug/medical and chemical fields, and higher in computer, electrical and electronics fields, whether measured as a percentage or number of citations. Academic institutions and small firms have significantly lower examiner shares, even after controlling for the technological fields they are patenting in. Non-US assignees receive significantly higher shares and numbers examiner citations, even after controlling for field effects. Interestingly, the results on assignee experience, which may have been driven by field and nationality, still hold in the regressions for shares of examiner citations. However, they are not significant when measured as a count of citations. It is possible that this reflects lower total citations on many of these patents, which would occur if they were of relatively minor value.
We note that the similarity between the negative binomial model, which controls for total citations on a patent, and the models that use citation shares indicates that our results are not driven by patents that contain very few (or many) applicant citations. The negative and significant coefficient on the count variable of applicant citations shows that controlling for other factors, the more applicants add citations, the fewer citations inserted by examiners.
One potential complication is the patent grant lag, and the possibility that examiners but not applicants disproportionately add citations during patent pendency. If this were true, and the grant lag were correlated with other variables in the models above, our results could be biased.
As discussed in the introduction, the applicant's duty of candor extends to the entire patent prosecution period, so if applicants become aware of material prior art after 21 filing the initial application, they are required to disclose this art. The data show that of the 12 percent of all citations to patents that issue after the citing patent is filed, 25 percent come from applicants. While lower than the overall applicant share of citations (41 percent), this suggests that applicants are active in contributing prior art during patent prosecution, but that examiners are much more likely to do so.
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To account for this, we re-ran our models and explicitly controlled for the grant lag. Columns 4-6 of Table 3 show these results. The estimated coefficient on the grant variable is positive and significant, indicating that longer lags are associated with higher examiner shares of citations. However, none of the other coefficients change materially.
Another potential complication is that citations in applications filed via the PCT are coded as applicant citations, even if they are likely to emanate from foreign search reports. To see if these citations affect our results, we re-estimated all of the models after eliminating the 42,806 patents that were filed through the PCT process. Columns 7-9 of Table 3 show that results are nearly identical to those in models which included PCTfiled patents.
Decomposition of variance
The analysis in Section 5 shows the marginal impact of assignee, examiner, and field effects on examiner citations. In this section, we assess the importance of each of these classes of variables in explaining the total variation in the examiner share. Overall, these three groups explain about 36 percent of the variance in the model. But the differences across the categories are striking. Of the explained variation, assignee effects explain 91 percent, examiner effects 9 percent, and technology categories only 8 percent. In other words, heterogeneity across applicants explains almost all the variation in shares of examiner citations on patents!
The magnitude of variation attributed to individual assignees could be driven by assignees with only one patent. As a robustness check we also estimated the model for assignees with between 100 and 1,000 patents (Column 2) and at least 1000 patents (Column 3) 12 . This last model captures many of the assignees in the "most experienced" cohort in our multivariate regressions. We find that the effect of assignee heterogeneity is still very high, though it falls by a few percentage points as assignee patent volume increases. Moreover, the variation explained by technologies rises from 8 percent in the full dataset to nearly 20 percent of variation for assignees with over 1000 patents. This is in line with our expectation that field effects should matter for citations, and also supports the validity of employing technology fixed effects in patent-based studies. However, field effects still account less than one-quarter of the variation in examiner citation shares as compared to individual assignees. This finding, coupled with our earlier finding that high patent-volume assignees have the highest share of citations, points to individual firm practices as an important dimension explaining high examiner shares on patents.
Firm-Level Analysis
Overall, these results point to individual assignee effects as a dominant factor affecting variation in the examiner share of citations. We further explore this with descriptive statistics on large-scale patent assignees. In this section, we shift our unit of analysis from individual patents to organizations. Excluding patents assigned to 12 The sample size changes accordingly from 429,984 observations to 100,288 observations (assignees with between 100 and 1000 patents) and 180,924 (assignees with at least 1,000 patents). individuals and unassigned patents, our sample includes 53,022 applicants. For each of these assignees, we calculated the share of citations inserted by examiners (at the dyad level) and the average examiner share of citations in the firm's patents (averaged across all of the firm's patents).
The x-axis of Figure 1 shows the average examiner share of citations for the top 10 assignees in each of the 6 broad field categories. As suggested by our earlier findings in the univariate and multivariate analyses, examiner shares are lowest for firms in the Approximately 27 percent of the firms in our sample (14,291) have all citations in all of their patents are inserted by examiner. And of the 14,648 assignees with at least one patent with a self-citation, 43 percent (6,362) had all self-citations inserted by examiners. Table 5 shows the largest ten patentees in each of these two groups, respectively. Here again, we note the dominance of firms in electronics, computers and communications, but the firms in these categories are much smaller in terms of overall volume of patenting.
These data correspond to our findings in Table 1 of a U-shaped relationship between experience and share of examiner shares, though in the regressions that control for field effects only the coefficient of the top tier of experienced assignees is significant.
These firm-level differences could reflect unobserved differences in the technological breadth of firms' patent portfolios. Firms frequently patent outside their core product areas, reflecting both firm-level R&D strategies as well as idiosyncrasies in the patent classification system. We re-estimate our models in table 3 at the firm level, and find the results are unchanged from those at the patent level. Furthermore, our decomposition of variance analysis estimates the effect of technological field separately from firm effects, so we can confirm that this within-technology variation is not driven by diversity in patent portfolios 13 . These differences more likely reflect unobserved differences in firms' patent strategies. Dimensions by which they may differ could include: the choice to patent broadly vs. only patenting valuable inventions that the firm intends to pursue internally or through licensing; efforts to invest in search ex ante versus waiting for signals from the patent office to collect additional references; and the crowdedness of the fields they select for R&D efforts.
13
Results for the regression analysis and the variance decomposition analysis at the firm level are available on request.
Evidence from self-citations
Our analysis so far provides evidence on the factors associated with high shares of patent citations added by examiners. But what is the meaning of high examiner citation shares? There are two possible interpretations. One is that the applicant share of citations (which we can observe) correlates with applicant search efforts (which we cannot observe): that, is high shares of examiner citations indicate low applicant search effort. But another interpretation is that applicants do expend effort in conducting prior art searches but fail to uncover all the relevant citations, such that examiners then find those citations that were missed by applicants. In this case, applicants do include citations they deem relevant, but they do so with error, and examiners fill the remaining gaps. If applicants lack search capabilities or resources, those gaps may be significant.
In this case, variation in examiner shares correlates with applicant search capabilities, but not search efforts.
Self-citations help to identify whether applicant citations correlate with low applicant search effort or low applicant search capabilities. Alcacer and Gittelman (2006) and Sampat (2007) argue that self-citations are a more useful signal of the intensity and quality of applicant search than all applicant citations since if applicants are conducting cursory prior art searches, even if they were resource constrained, they presumably would cite their own previous patents if relevant.
Accordingly, if firms with high examiner share of citations are simply resource constrained, we would expect no relationship between the examiner share of self-citations (which are relatively easy to find, and thus less affected by resource constraints) and other citations. By contrast, if these firms are not searching for prior art, firms with systematically lower shares of all citations would also have systematically lower shares of self-citations.
We explore this issue in several ways. First, Table 6 shows the share of examiner self-citations across the same dimensions used in Table 1 . Note that the distribution of examiner self-citations across technology fields, assignee types, country of origin, assignee experience, examiner experience and legal assistance is very similar to the one for share of examiner citations in Table 1 . Second, we estimate regressions that are similar to those in Table 3 using self-citations instead of all citations as dependent variable: the results are very similar to those reported for all citations. At the patent level, the same factors affecting examiner shares of all citations affect self-citations. Third, Figure 1 shows a scatter plot of the examiner share of citations and self-citations for the top 50 patentees in 6 broad field categories; the X and Y axes correspond to the firm level percentage of examiner "non-self" and "self" citations respectively. Note the strong positive relationship between the two, across fields. Firms with low examiner share of self-citations tend to have low examiner share of other citations. If examiner share of self-citations are indeed a useful proxy for applicant search effort, this provides additional evidence that the variation in the examiner share of total citations correlates with differences in firms' prior art search effort, rather than capabilities . Fourth, we repeat our decomposition of variance analysis using only self-citations. The results are similar to those for all citations; firm-specific effects explain most variation on examiner self-citation shares. Results for the regression analysis and the variance decomposition analysis at the firm level are available on request.
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Discussion and conclusions
The ready availability of patent citation data has been a tremendous boon to applied research on knowledge and innovation. The role of examiners in the generation of patent citations has been thought to potentially complicate these analyses, but difficult to study.
Taking advantage of a change in the way patent citation data is reported by the USPTO, starting in 2001, this paper summarized basic facts on examiner citations, and provided a descriptive analysis of factors associated with the examiner-share of citations in a patent.
The unconditional means and multivariate analyses suggest that examiner citations in patents appear to be systematically related to a number of characteristics of technological fields, types of applicants, countries of origin, and examiners.
To highlight several interesting results, our analyses suggest that examiner shares are highest in fields where intellectual property tends to be fragmented (computers and communications, electrical/electronics), and lowest in fields where patents have been shown to be more important in appropriating returns to R&D (biomedical and chemical patents). Academic institutions have lower examiner shares, even after controlling for technological field effects. Strikingly, the most prolific patentees tend to have very high shares of examiner citations. This could reflect a strategy to build patent portfolios, with relatively low value placed on any single patent (Sampat 2007) . We also find that examiner citations shares are specially high for foreign firms: given that foreign firms are more likely to file PCT applications overseas and that citations added in these (by foreign examiners) are attributed to applicants in the US, the actual number of applicant citations may be overestimated. While properly testing the specific reasons for differences in citation practices across types of institutions and types of firms is beyond the scope of 29 this paper, these simple stylized facts suggest that all citations are not created equal.
The results of the decomposition of the variance underscore the importance of firm effects. Indeed, individual firm effects account for most of the explained variance in examiner shares, far more than field effects, which are standard controls in the literature.
Although work by Ziedonis (2004) and Lerner (1995) , for example, explores issues related to strategic patenting, there has been little research on firm-specific patent strategies, including decisions and motives to search for prior art. The examiner citation data, including data on examiner share of self-citations, may facilitate work in this area.
The aim of this paper was primarily descriptive, and it would be premature to draw policy implications from our results. That said, we do note that applicant prior art searching, and its relationship to patent quality, are central issues in contemporary patent reform initiatives in the U.S. We interpret low applicant shares of citations as indicative of low applicant search effort, and our findings on self-citation corroborate this interpretation. Using these data to further explore prior art searching and implications for patent quality and patent system reform is another important task going forward.
We started this paper with a discussion of citation data as indicators. The data we reported suggest that examiners account for a significant share of patent citations: 41 percent at the dyad level, and 63 percent at the patent level. Moreover, the data suggest that the extent to which examiners contribute citations is not randomly distributed across patents but related to a number of field, firm, examiner, and invention specific variables.
Thus an overall message that emerges from our work is that patent citations reflect the complicated interaction of applicant and examiner strategies, capabilities, and incentives.
One implication of this is that research using citation data should consider whether 30 
